greenhouses including low tunnels (DPT, ,**+).
The structures, technology, cultural practices and products grown in greenhouses in Turkey are di#er-ent from those in Japan due to various factors including the di#erence in climate, geographical conditions, economy, marketing and grower's cultural practices. Accordingly, it is aim of this paper to furnish information about the status of greenhouse production in Turkey in terms of locations, type of structures, production area, products grown, technology, and export values. The authors believe that the data presented in this paper will be valuable for people in the industry, farmers and researchers in Japan.
,. Place of Turkish Greenhouse Production in the World
The area of greenhouses in the main greenhouse production countries is shown in Table + . In most countries, greenhouses are covered with plastic or glass. Even though the majority of the greenhouses are covered with glass in the Netherlands, plastic coverings are the wave of the future in the Netherlands because of the workers' safety issues. Glasshouses and rigid-plastic houses are longer-life structures, and therefore are mostly located in cold regions where these structures can be used throughout the year. In Japan, year-round use of greenhouses is becoming predominant, but in moderate and warm climate regions they are still provisional and are not used in summer. There is no such steep expansion of protected cultivation area in Europe and America as in Asia, but the total area is not small, and a stable situation exists.
Protected cultivation in Europe is classified according to three types : Fully automated greenhouses, simple plastic houses, and large-scale greenhouses associated with energy plants. In the Mediterranean countries, simple plastic houses are predominant. In the eastern European countries, largescale glasshouses with energy supplied from nearby power plants are very common ; they are normally operated cooperatively, although the levels of mechanization are not high.
Climatic conditions in Turkey are very favorable for the complex industry producing vegetables, fruits, flowers and nursery crops. Turkey is the second country in the world after United States in terms of its ecological richness, making Turkey a paradise for horticultural production. The country is capable of producing 2* di#erent types of fresh fruits and vegetables out of +.* products in the world and out of the 2* types of fresh produce, /* kinds are exported. Turkey is one of the major greenhouse production countries not only in the Mediterranean region but also in the world, with total of ,,,*0. ha glass and plastic greenhouse area.
-. Status of Protected Cultivation in Turkey

-. + Growing area
Turkey is divided into seven geographical regions : the Marmara, Aegean, Mediterranean, Central Anatolia, Black Sea, East Anatolia and Southeastern Anatolia regions. The most important region within the country for protected cultivation is the Mediterranean region, covering almost 2/ῌ of total production with plastic and glass covered greenhouses (Table ,) . This climate zone allows unheated greenhouse production most of the time due to abundant solar radiation during the winter season. The greenhouses are usually heated only for frost prevention. The average monthly air temperatures (,* years' average) range between 3., and ,2.,ῐ while average monthly humidity ranges between /0 and 03ῌ (Fig.  +) . The majority of the greenhouses in the Mediterranean region are located in city of Antalya. Kumluca district, near Antalya, is an important plain with its intensive agricultural activities employing greenhouses. Seventy-nine percent of total greenhouses in Turkey are covered with plastic and the rest with glass. The total protected cultivation area of Turkey was about .+,1/0 ha including ,,,*0. ha by glass and plastic greenhouses and +3,03, ha of plastic tunnels in +333.
-. , Products grown in protected cultivation -. ,. + Vegetable production Vegetable production is dominant in greenhouse production in Turkey, accounting for 3/ῌ of total greenhouse production, and that is followed by flower (.ῌ) and fruit production (+ῌ). During the growing season in +332ῌ33, the total vegetable production areas of low tunnels, plastic and glass houses were +3,03*, +0,-02 and .,0/-ha, respectively (Fig.  , a) . As seen in the figure, most of the greenhouse growers tended to modernize their growing structures after +331 and there was a rapid change from low tunnels to plastic greenhouses. Based on the data shown in Fig. , b, .3ῌ of the total vegetable production area is covered by low tunnels, .*ῌ is by plastic and ++ῌ is by glass greenhouses in +333 (DPT, ,**+).
Based on the existing production pattern of vegetable crops, ,0.-ῌ of total protected cultivation area and ...0ῌ of total greenhouse area produce tomatoes. Table - illustrates the main vegetable crops grown in greenhouses and low tunnels in Turkey based on +333 data. The amount of vegetable production in protected cultivation in Turkey is over -million tons. Of this production, -1.2ῌ is based on tomatoes and that is followed by cucumbers (,+ῌ), eggplant (0./ῌ), peppers (0..ῌ), squash (,.,ῌ), bell peppers (,.+ῌ) and fresh beans (*.-ῌ). Watermelons and melons are mostly produced under low tunnels. In the past few years, the production of lettuce, green onion, spinach, parsley and artichoke crops have also started.
The majority of the vegetables (31ῌ) produced are consumed domestically. Tomatoes are the major crops exported among others covering 02ῌ of the total vegetable export valued up to +. million dollars in +333.
-. ,. , Floriculture production Floriculture crop production is divided into four categories : cut flowers, indoor plants, outdoor plants and natural flower bulbs. In the past, there was a rapid development in cut flower production in the United States, the Netherlands and Japan due to knowledge and technological advancement which could be transferred to the production. However, after the +31*'s, floriculture growers in developing countries realized the climatic advantages of some alternative plants such as carnations and roses, and some countries like Israel, Spain, Columbia and Kenya have become major exporter countries due to having climatic advantages and cheaper labor cost for the production of cut flowers. As a result of this, the United States and European countries concentrated more on pot plant production and the Netherlands kept its place in the market by focusing more on advanced technology use, re-export and the advantages of its location close to the German market.
Cut flowers
Commercial cut flower production dates back to the +3.*'s in Turkey. The production first started in locations surrounding Istanbul and then moved to the city of Yalova located in the Marmara region. In recent years, because of its attractiveness compared to vegetable production, the cut flower production has become an alternative production in the Aegean region. Since +32/, cut flower export has increased in the Antalya region and the production area in the Antalya region has also increased. Figure - shows the change of total cut flower production area from +322ῌ33. The total change in greenhouse production area from +322ῌ3-was /,ῌ compared to a more than +**ῌ change from +33-ῌ 33. The major change occurred in the area coverage of plastic greenhouses and in the open while the area of glasshouses decreased. Furthermore, the total cut flower production area including greenhouse and in the open has been increased by ,3ῌ and +,2ῌ between +322ῌ3-and +33-ῌ33, respectively. Figure . illustrates the regional distribution of cut flower production area in Turkey. Marmara is the leading region with a share of /0.3ῌ of total cut flower production. The shares of greenhouse and open field cut flower production is equal in the Marmara region while -.ῌ and 00ῌ of total production is done in the open and greenhouses, respectively, in the Aegean region. However, the production in greenhouses is much more dominant in the Mediterranean region. Table . illustrates the amount of major varieties of the cut flowers produced, and export and export values. Flowers produced in the Istanbul, Yalova (in the Marmara Region), Izmir and Aydin (in the Aegean region) provinces are generally only for the local market. Production takes place in spring and summer under cover or in open fields. Production costs are low enough for the flowers to be sold in the local market because the greenhouses do not need extra heating. In the Yalova-Istanbul region, carna- tions, roses, gladioli, freesias, lilies, statice and chrysanthemums are mostly grown while producers in the Izmir-Aydin region grow roses, standard and spray carnations, gypsophila, chrysanthemums, gerbera, gladioli, freesias and lilies. These flowers are generally transported and auctioned through the cooperatives, which have branch o$ces throughout the country. Spray carnations had been a traditional export item, followed by chrysanthemums and roses. The UK is by far the most important market for Turkish cut flowers ( Table /) . It accounted for 0/ῌ of total Turkish cut flower exports in +333. The reasons for its high proportion is the popularity of spray carnations, weak demand for novelty, establishment of a good reputation for Turkish cut flowers on the market and lower production cost of spray carnations in Turkey. The Netherlands' share in total Turkish flower exports is about ,*ῌ. Although the majority of the flowers are imported through auctions in the Netherlands, Turkish exporters prefer to sell through the Dutch importers. In the recent years, there has been a substantial e#ort to increase the number of countries for exports. As a result of this, cut flowers were exported to about ,* di#erent countries. Among those, Japan, Canada, the USA, and countries in the far east are becoming promising markets for export.
Indoor plants
Indoor plant production consists of two categories, indoor pot plants and saloon plants. Due to its geographical location being in the center of the Mediterranean and near east, Turkey is one of the centers in the world for genetic resources for di#er-ent plant species. There are almost +**,*** di#erent species in the world and +,,*** in Europe. Turkey hosts about +*,*** di#erent species (Ekim, +33*). Marmara is the leading region for indoor plant production having -1.1ῌ of the total production area in greenhouses. The main reason for this is because of the closeness of the indoor plant production greenhouses to two of the major domestic indoor plant markets, Istanbul and Bursa, located in the Marmara region. Two other important regions for indoor plant production are the Aegean and Mediterranean regions due to the existence of favorable ecological conditions. The production and selling behavior of indoor plant growers in Turkey can be categorized into three : +) Growers produce their own materials, grow them until sale and sell them, ,) Growers import their materials, grow them until sale and sell them, and -) Growers import the plants during the marketing period and sell them in a short period of time. In Turkey, the majority of the growers for indoor plant production fall into the second category and the number of growers in the first category is very limited. Some of the major indoor plants produced in Turkey are cyclamen, primula, saintpaulia, poinsettia, spathiphyllum, rhododendron, kalanchoe, begonia, die#enbachia codiaeum, ficus nephrolepis dracaena, syngonium, caladium and sche%era.
Outdoor plants
The outdoor plants are mostly produced in the open in Turkey. The total production area is about 2./.2 ha and 30ῌ of this is for outdoor production and only .ῌ is used for greenhouse production, especially for rooting and propagation. Most of the production is carried out by private family companies located in the Aegean (Izmir) (0-.-ῌ), Marmara (Yalova, Kocaeli and Bursa) (+2.-ῌ) and Mediterranean region (Antalya) (2.3ῌ).
Turkey exports outdoor plants to about ,/ di#er-ent countries and Japan, Turkmenistan, Netherlands, Azerbaijan and Russia are the top five export 
.. Greenhouse Technology
The greenhouse production practice and technology in Turkey resembles that of European Union member Mediterranean countries. The majority of the greenhouses are covered with plastic film. However, the percentage of glass-covered greenhouses in Turkey is higher than those in European Union member Mediterranean countries. The sizes of the greenhouses are small in Turkey and they are mostly family business greenhouses. Sixty-four percent of the glass houses fall into the *.+ῌ*., ha range while the *.+ῌ*.-ha greenhouse size accounts for /0ῌ of the plastic greenhouses (Table 0) . Antifog, antidrip, UV/IR-enhanced polyethylene plastic covers are mostly preferred by the growers. In the past, the structure of the greenhouses was mostly wood or iron. Now, most of the old structures have been replaced by galvanized steel and it is also used for new greenhouses being built.
Most of the greenhouses in Turkey utilize natural ventilation with both side and top ventilation openings. For the design purpose, wider openings are e#ective to increase the ventilation rates. In general, the total area of ventilation openings is recommended to be +/ῌ,/ῌ of the floor area of greenhouses. However, this ratio ranges from +ῌ/ῌ in most of the naturally ventilated greenhouses in Turkey. In regions such as Southeastern Anatolia where the air humidity is too low, evaporative cooling and forced ventilation is preferred.
In Turkey, greenhouse production is carried out by taking advantage of the favorable climate while keeping the operational cost at a minimum level. Thus, the majority of the greenhouses are heated for frost prevention except for indoor plant production greenhouses. Thermal screen utilization is also becoming popular to reduce the heat losses. Hot air heaters are mostly used due to their higher e$ciency, low cost and maintenance. However, the number of greenhouses is increasing in regions where geothermal hot water resources are available. Turkey is the seventh richest country in the world in geothermal potential for its direct use and for electricity generation. Most of the country is located on the AlpineHimalayan orogenic belt, which constitutes the major factor in having high geothermal potential. Most of the development is achieved in geothermal direct-use applications with /,,*** residences equivalence geothermal heating (.3-MWt) including district heating, thermal facilities and nearly /* ha geothermal greenhouse heating. Geothermal water is used in +3. spas for balneological purposes (-,1 MWt). Engineering design of more than +/*,*** residences equivalence geothermal district heating has been completed (Mertoglu et al., ,**+) . By summing up all these geothermal utilizations in Turkey, the installed capacity is 2,* MWt for directuse.
The drip system is the most common irrigation system in greenhouses in Turkey. However, the timing and the amount of the irrigation is controlled by the grower's experience rather than automated scheduling or prescribing nutrients based on plant' need during di#erent growth stages or under di#er-ent environmental conditions. Soil is the common growing medium in greenhouses. However, due to problems with pathogens and nematodes, soil sterilization is needed and it is costly and requires labor. Thus, soilless culture utilization is becoming very popular for production in greenhouses in Turkey.
Overall automation and mechanization is not observed in Turkish greenhouses except in a number of high-tech greenhouses in the Antalya and Aegean regions. However, automation is becoming a necessity in Turkish greenhouses to produce high quality products and to meet the export market quality demand.
/. Conclusions
Ecological conditions are very favorable for producing horticultural crops both in greenhouses and in the open. Turkey, with approximately ,,,*0. ha greenhouse area, is among the top six countries in the world for greenhouse production. Some of the major strengths of the vegetable industry in Turkey are J. Agric. Meteorol. ῍ῒῑΐ῎ 0* (,), ,**.
ῌ 120 ῌ favorable conditions for production, earliness in producing fruits and vegetables compared to competitors, government support for some products in terms of production and exporting, low labor cost, geographical proximity to big and emerging markets and relatively inexpensive land and water resources. However, un-coordinated industry sectors with a limited vision, price fluctuations depending upon oversupply, many small-sized firms, lack of good quality local vegetable seeds, limited understanding of consumer demands and export market requirements, and bureaucratic delays in responding to opportunities are some of the weaknesses of the vegetable production sector. The strengths of the cut flower industry can be attributed to favorable ecological conditions, its competitiveness in the world market due to low cost of production with mainly cheap labor, proximity to major importing markets, the majority of companies having modern greenhouses with relatively high technology, dynamic structure of export companies and government support for production and export. On the other hand, the major weaknesses of the sector are strong dependency on imported propagation materials, lack of product range, high cost for transporting cut flowers, low economics of scale per exporter, di$culties of obtaining propagation materials at the right time and lack of qualified personnel working in the greenhouses and in the business.
Modernization of the existing greenhouse structures is also needed in terms of glazing materials, structures and technologies used for production. The greenhouses are not heated due to favorable conditions most of the time. However, heating is necessary especially during the cold periods to increase the fruit yield and the quality. Turkey has tremendous potential in terms of using geothermal resources for greenhouse heating. Thus, an increment of greenhouse production in areas having geothermal resources should be encouraged.
Ventilation is one of the most important processes in greenhouse production. Most of the greenhouses in Turkey have small ventilation openings compared to their ground area. However, it is essential to have the proper size of openings both on the roof and on the side of the greenhouses to provide better interior climate conditions for plants and to increase the yield.
Turkey is in the process of becoming a European Union (EU) country. Consumers' buying habits, have changed in EU member countries. They would like to have healthy and high quality products and to know how and where the products are produced. The customers also prefer to shop in supermarkets. Since ,**-, all the retail companies who are members of the Euro Retailer Producer Working Group for Good Agricultural Practices (EUROGAP) have requested the producers to meet the standards of EUROGAP protocols. Thus, the growers should pay much attention to using proper technologies and production techniques to produce high quality and healthy products. For this, growing techniques have to be improved in Turkey. Government research centers and the private sector must be encouraged and supported for breeding research. Growing the products is only one part of the chain. Improvements in sorting, packaging and storing of the products for market have to be made. Most importantly, the government has to be more proactive in developing a regulatory and marketing framework.
